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OPTICAL WAVEGUIDE AND METHOD OF MANUFACTURING THE SAME, 
CIRCUIT BOARD, OPTICAL MODULE, AND OPTICAL TRANSFER APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to an optical waveguide whose setting position, 
form, and size have been favorably controlled and to a method of manufacturing the same. 

[0002] The present invention also relates to a circuit board, an optical module, and 
an optical transfer apparatus that include such an optical waveguide. 

2. Description of Related Art 

[0003] Optical waveguides are used to transfer near infrared light and visible light. 
Such optical waveguides have a variety of uses, such as the transfer of optical signals, the 
transfer of energy, optical sensors, optical fiber scopes, and the like. 

[0004] One related art example of a method of manufacturing an optical waveguide 
is disclosed in Japanese Laid-Open Patent Publication No. H09-243858. 

SUMMARY OF THE INVENTION 

[0005] The present invention is intended to provide an optical waveguide whose 
setting position, form, and size have been favorably controlled and to a method of 
manufacturing the same. 

[0006] The present invention is further intended to provide a circuit board, an 
optical module, and an optical transfer apparatus that include such an optical waveguide. 
1 . First Exemplary Method of Manufacturing an Optical Waveguide 

[0007] A first exemplary method of manufacturing an optical waveguide of the 
present invention includes: 

(a) discharging droplets onto a surface of a substrate to form an optical waveguide 
precursor; and 

(b) hardening the optical waveguide precursor to form an optical waveguide. 
[0008] According to the first exemplary method of manufacturing an optical 
waveguide of the present invention, the droplets are discharged onto the surface of the 
substrate to form the precursor and then the optical waveguide is formed by hardening the 
precursor. Here, by adjusting the discharged amount of the droplets, it is possible to form an 
optical waveguide that has a predetermined form and size. Also, by discharging the droplets 
at a desired position, it is possible to form the optical waveguide at a predetermined position. 
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[0009] In this case, it is possible to also include a step (c) of forming a film pattern 
that has different wettability to the substrate, on the substrate, before the droplets are 
discharged. In this way, by controlling the wettability of the substrate surface for the droplets, 
it is possible to control the setting position of the optical waveguide. 

[0010] Also, in this case, the film pattern can be more wettable than the substrate 
for the droplets, and in step (a) the droplets can be discharged onto the film pattern to form 
the optical waveguide precursor. 

[0011] Alternatively, in this case, the film pattern can be less wettable than the 
substrate for the droplets, and in step (a) the droplets can be discharged onto a region of the 
substrate aside from the film pattern, to form the optical waveguide precursor. 
2. Second Exemplary Method of Manufacturing an Optical Waveguide 

[0012] A second exemplary method of manufacturing an optical waveguide of the 
present invention includes: 

(a) forming a convex part on a substrate; 

(b) discharging droplets onto an upper surface of the convex part to form a precursor 
of an optical waveguide part; and 

(c) hardening the precursor to form an optical waveguide part. 

[0013] Here, the "substrate" is a body with a surface on which the convex part can 
be set. The surface may be a flat surface or a curved surface so long as the convex part can be 
set. If such a surface is present, there are no particular limitations on the form of the substrate 
itself. Also, the convex part may be integrally provided on the substrate. 

[0014] Also, the "convex part" refers to a member that has an upper surface on 
which the optical waveguide part can be set and the "upper surface of the convex part" refers 
to a surface on which the optical waveguide part is set. There are no particular limitations on 
the form of the upper surface of the convex part, and so long as the optical waveguide part 
can be set, the upper surface may be a flat surface or a curved surface. 

[0015] According to the second exemplary method of manufacturing an optical 
waveguide of the present invention, by adjusting the form, size and setting position of the 
upper surface of the convex part in step (a) and adjusting the discharged amount of the 
droplets in step (b), it is possible to form an optical waveguide part whose form, size and 
setting position have been favorably controlled. This is described in more detail below. 

[0016] In this case, by providing a base member on the substrate in step (a), it is 
possible to form a convex part on the substrate. 
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[0017] Alternatively, by forming a groove in the substrate in step (a), it is possible 
to form a convex part on the substrate. 

[0018] Also, in this case, it is possible to include a step (f) of adjusting the 
wettability for the droplets of an upper surface of the convex part before the droplets are 
discharged. By doing so, an optical waveguide part of the desired form and size can be 
formed. Here, by forming a film with a lyophilic or a lyophobic property for the droplets on 
the upper surface of the convex part, it is possible to control the wettability of the upper 
surface of the convex part for the droplets. 

[0019] The first and second exemplary methods of manufacturing an optical 
waveguide of the present invention can have the following aspects (1) to (6). 

(1) The hardening of the precursor can be performed by adding energy. 

(2) The droplets can have a property whereby the droplets can be hardened by 
applying energy. 

(3) The discharging of the droplets can be performed according to an ink jet method. 
By using such a method, it is possible to minutely adjust the discharged amount of the 
droplets, so that a minute optical waveguide part (or optical waveguide) can be easily set on 
the upper surface of the convex part (or on the substrate). 

(4) In addition, it is possible to include a step (d) of covering the optical waveguide 
part with a layer that has a lower refractive index than the optical waveguide part. By 
performing this process, it is possible to reduce the leakage of light from the optical 
waveguide part. This makes it possible to increase the propagation efficiency for the light 
propagated inside the optical waveguide part. 

(5) It is possible to form a covering layer around the optical waveguide part and to set 
the refractive index of the convex part and the refractive index of the covering layer 
approximately equal. By doing so, in the same way as in the construction of an optical fiber, 
the entire circumference of the optical waveguide part can be covered with materials with 
approximately the same refractive index. 

(6) It is possible to include a step (e) of detaching the optical waveguide part from the 
substrate. By performing this process, it is possible to use the optical waveguide part as a 
separate optical waveguide. 

3. Third Exemplary Method of Manufacturing an Optical Waveguide 

[0020] A third exemplary method of manufacturing an optical waveguide of the 
present invention includes: 
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(a) forming a first convex part on a substrate; 

(b) forming a second convex part on the substrate in parallel with the first convex 

part; 

(c) discharging first droplets onto an upper surface of the first convex part to form a 
precursor of an optical waveguide part; 

(d) hardening the precursor of the optical waveguide part to form the optical 
waveguide part; 

(e) forming a precursor for a covering layer that is formed on an upper surface of the 
second convex part and covers the optical waveguide part; and 

(f) hardening the precursor for a covering layer to form a covering layer with a lower 
refractive index than the optical waveguide part. 

[0021] Here, the meanings of "substrate", "convex part", and "upper surface of the 
convex part" are the same as in the "Method of Manufacturing the Second Optical 
Waveguide" section. The meanings of "convex part" and "upper surface of the convex part" 
are the same for the first convex part and the second convex part. 

[0022] The third exemplary method of manufacturing an optical waveguide of the 
present invention has the same work and effects as the first and second exemplary methods of 
manufacturing an optical waveguide. In addition, by forming a precursor for a covering layer 
that covers the optical waveguide part on the upper surface of the second convex part and 
hardening the precursor for a covering layer to form a covering layer with a lower refractive 
index than the optical waveguide part, it is possible to reduce the leakage of light from the 
optical waveguide part. By doing so, an optical waveguide with even more superior 
propagation efficiency for light can be obtained. It is also possible to obtain an optical 
waveguide that is more circular in cross-section. 

[0023] The third exemplary method of manufacturing an optical waveguide of the 
present invention can have the following aspects (1) to (6). 

(1) In step (e), the precursor for a covering layer can be formed by discharging second 
droplets onto the optical waveguide part and the upper surface of the second convex part. 

(2) In step (b), two second convex parts can be formed and the first convex part can 
be disposed between the two second convex parts. By setting the two convex parts so that the 
first convex part is sandwiched between them, in the process where the droplets are 
discharged in order to form the precursor for a covering layer, it is possible to form the 
covering layer on the upper surfaces of the second convex parts and on the inside of the 
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second convex parts. That is, by setting the second convex parts at predetermined positions, 
it is possible to control the setting position, form, and size of the covering layer. 

(3) The first and second droplets can have a property whereby the droplets can be 
hardened by applying energy. 

(4) The hardening of the covering layer can be performed by adding energy. 

(5) The first and second droplets can have a property whereby the droplets can be 
hardened by applying energy. 

(6) The discharging of the first and second droplets can be performed according to an 
ink jet method. 

4. First Exemplary Optical Waveguide 

[0024] A first exemplary optical waveguide of the present invention includes: 

a convex part provided on a substrate; and 

an optical waveguide part provided on the convex part. 

[0025] Here, the meanings of "substrate", "convex part", and "upper surface of the 
convex part" are the same as in the "Method of Manufacturing the Second Optical 
Waveguide" section. 

[0026] With the first exemplary optical waveguide of the present invention that has 
the construction described above, by controlling the form and height, etc., of the upper 
surface of the convex part, it is possible to obtain an optical waveguide that includes an 
optical waveguide part whose setting position, form, and size have been favorably controlled. 
This is described in more detail below. 

[0027] The first exemplary optical waveguide of the present invention can have the 
following aspects (1) to (14). 

(1) The optical waveguide part can be formed by hardening a material that can be 
hardened by applying energy. 

(2) The optical waveguide part can be made of ultraviolet curing resin or 
thermosetting resin. 

(3) An end surface of the optical waveguide part can be a curved surface. 

(4) The optical waveguide part can be covered by a layer with a lower refractive 
index than the optical waveguide part. In this case, the optical waveguide part can be buried 
under the layer. 

(5) The convex part can have a lower refractive index than the optical waveguide 

part. 
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(6) The convex part can be a base member formed on the substrate. 

(7) The convex part can be integrally formed with the substrate. 

(8) A cross-section of the optical waveguide part can be in the shape of a truncated 
circle or a truncated oval. Here, a "truncated circle" refers to the shape obtained when a circle 
is cut using a straight line and includes a form that is not only perfectly circular, but which 
resembles a circle. Also, a "truncated oval" refers to the shape obtained when an oval is cut 
using a straight line and includes a form that is not only perfectly oval, but which resembles 
an oval. 

(9) The cross-section of the optical waveguide part can be in the shape of a circle or 
an oval. 

(10) The optical waveguide part can have at least one curved part. 

(11) The optical waveguide part can have at least one branch. 

(12) An upper surface of the convex part can be a curved surface. 

(13) An angle made between an upper surface of the convex part and a surface that 
contacts the upper surface on a side part of the convex part is acute. With this construction, 
when the optical waveguide part is formed by discharging droplets to form a precursor of an 
optical waveguide part and then hardening the precursor, the side surface(s) of the convex 
part can be prevented from becoming wet due to the droplets. As a result, it is possible to 
reliably form an optical waveguide part of the desired form and size. 

(14) The upper part of the convex part can be formed in an inversely tapered shape. 
Here, the "upper part of the convex part" refers to a region of the convex part that is close to 
the upper surface. With this construction, when an optical waveguide part is formed by 
discharging the droplets to form the precursor of the optical waveguide part and then 
hardening the precursor, the stability of the convex part can be maintained and the angle made 
between the upper surface and the side surface of the convex part can be further reduced. By 
doing so, the side surface(s) of the convex part can be reliably prevented from being 
becoming wet due to the droplets. As a result, it is possible to form an optical waveguide part 
of the desired form and size more reliably. 

(15) The optical waveguide can be buried under a layer with a lower refractive index 
than the optical waveguide part. By doing so, it is possible to reliably fix the optical 
waveguide part onto the upper surface of the convex part. 

5. Second Exemplary Optical Waveguide 

[0028] A second exemplary optical waveguide of the present invention includes: 
a first convex part provided on a substrate; 



7 

an optical waveguide part provided on an upper surface of the first convex part; 

a second convex part disposed in parallel with the first convex part; and 

a covering layer that covers an optical waveguide part and is provided in part on an 
upper surface of the second convex part. 

[0029] Here, the meanings of "substrate", "convex part", and "upper surface of the 
convex part" are the same as in the "Method of Manufacturing the Second Optical 
Waveguide" section. The meanings of "convex part" and "upper surface of the convex part" 
are the same for the first convex part and the second convex part. 

[0030] The second exemplary optical waveguide of the present invention has the 
same work and effects as the first exemplary optical waveguide. In addition, it is possible to 
form an optical waveguide that is more circular in cross-section. By doing so, it is possible to 
obtain an optical waveguide that has even more superior propagation efficiency for light. 

[0031] In this case, it is possible to include two second convex parts and to dispose 
and the first convex part between the two second convex parts. With this construction, by 
setting the second convex parts at predetermined positions, it is possible to obtain an optical 
waveguide with a covering layer whose setting position, form, and size have been controlled. 
6. Circuit Board, Optical Module, and Optical Transfer Apparatus 

[0032] The circuit board of the present invention includes the above optical 
waveguide, an IC, and an optical element. 

[0033] The optical module of the present invention includes the above optical 
waveguide and an optical element. In addition, the optical transfer apparatus of the present 
invention includes the above optical module of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a cross-sectional view showing a schematic for one process in a 
method of manufacturing an optical waveguide according to a first exemplary embodiment. 

[0035] FIG. 2 is a cross-sectional view showing a schematic for one process in the 
method of manufacturing an optical waveguide according to the first exemplary embodiment. 

[0036] FIG. 3 is a cross-sectional view showing a schematic for one process in the 
method of manufacturing an optical waveguide according to the first exemplary embodiment. 

[0037] FIG. 4 is a plan view showing a schematic of the optical waveguide shown 
in FIG. 3. 

[0038] FIG. 5 is a cross-sectional view showing a schematic for one process in the 
method of manufacturing an optical waveguide according to the first exemplary embodiment. 
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[0039] FIG. 6 is a cross-sectional view showing a schematic of an optical 
waveguide according to a second exemplary embodiment. 

[0040] FIG. 7 is a plan view showing a schematic of an optical waveguide 
according to the second exemplary embodiment. 

[0041] FIG. 8 is a side view showing a schematic of an optical waveguide according 
to the second exemplary embodiment. 

[0042] FIG. 9 is a plan view showing a schematic of a modification of the optical 
waveguide according to the second exemplary embodiment. 

[0043] FIG. 10 is a perspective view showing a schematic of the optical waveguide 
shown in FIG. 9. 

[0044] FIG. 1 1 is a plan view showing a schematic of another modification of the 
optical waveguide according to the second exemplary embodiment. 

[0045] FIG. 12 is a perspective view showing a schematic of the optical waveguide 
shown in FIG. 1 1 . 

[0046] FIG. 13 is a cross-sectional view showing a schematic of another 
modification of the optical waveguide according to the second exemplary embodiment. 

[0047] FIGS. 14(A) to 14(E) are cross-sectional views respectively showing 
schematics of processes in the method of manufacturing the optical waveguide shown in 
FIGS. 6 to 8. 

[0048] FIGS. 15(A) and 15(B) are cross-sectional views showing schematics of 
processes in the method of manufacturing the optical waveguide shown in FIGS. 6 to 8. 

[0049] FIG. 16 is a cross-sectional view showing a schematic for one example of a 
method of detaching a precursor of an optical waveguide part. 

[0050] FIGS. 17(A) and (B) are cross-sectional views showing a schematic for 
another example of a method of detaching the precursor of the optical waveguide part. 

[0051] FIG. 18 is a cross-sectional view showing a schematic of an optical 
waveguide according to a third exemplary embodiment. 

[0052] FIG. 19 is a plan view showing a schematic of the optical waveguide shown 
in FIG. 18. 

[0053] FIG. 20 is a cross-sectional view showing a schematic of an optical 
waveguide according to the third exemplary embodiment. 

[0054] FIG. 21 is a plan view showing a schematic of the optical waveguide shown 
in FIG. 20. 
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[0055] FIG. 22 is a cross-sectional view showing a schematic of an optical 
waveguide according to the third exemplary embodiment. 

[0056] FIG. 23 is a plan view showing a schematic of the optical waveguide shown 
in FIG. 22. 

[0057] FIG. 24 is a cross-sectional view showing a schematic of an optical 
waveguide according to the third exemplary embodiment. 

[0058] FIG. 25 is a plan view showing a schematic of the optical waveguide shown 
in FIG. 24. 

[0059] FIGS. 26(A) to 26(B) are cross-sectional views respectively showing 
schematics of processes in the method of manufacturing the optical waveguide shown in 
FIGS. 20 to 21. 

[0060] FIG. 27 is a cross-sectional view showing a schematic of an optical 
waveguide according to a fourth exemplary embodiment. 

[0061] FIG. 28 is a plan view showing a schematic of the optical waveguide shown 
in FIG. 27. 

[0062] FIG. 29 is a cross-sectional view showing a schematic of an optical 
waveguide according to a fifth exemplary embodiment. 

[0063] FIG. 30 is a plan view showing a schematic of the optical waveguide shown 
in FIG. 29. 

[0064] FIGS. 31(A) and 31(B) are cross-sectional views respectively showing 
schematics of processes in the method of manufacturing the optical waveguide shown in 
FIGS. 29 and 30. 

[0065] FIG. 32 is a cross-sectional view showing a schematic of a circuit board 
according to the sixth exemplary embodiment. 

[0066] FIG. 33 is an enlargement of the cross-section in FIG. 15(b). 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
First Exemplary Embodiment 
1. Method of Manufacturing an Optical Waveguide 

[0067] FIGS. 1 to 3 are cross-sectional views that respectively show schematics of 
the processes in the method of manufacturing an optical waveguide 114 (see FIG. 3), 
according to a first exemplary embodiment of the present invention. FIG. 4 is a plan view 
showing a schematic of the optical waveguide 1 14 shown in FIG. 3. FIG. 5 shows an 
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additional process for the method of manufacturing the optical waveguide 114 shown in 
FIG. 3. 

[0068] (1) First, droplet 1 14b are discharged onto a substrate 10 to form a 
precursor 1 14a for the optical waveguide (see FIGS. 1 and 2). More specifically, the droplet 
1 14b are discharged from a droplet discharge opening 17 onto a predetermined region of the 
substrate 10. By performing this process, a precursor 1 14a of an optical waveguide of the 
desired form and size can be formed. A semiconductor substrate, such as a silicon substrate 
or a GaAs substrate, or a glass substrate or the like can be given as examples for the substrate 
10, though provided that there is a surface upon which the droplet 1 14b can impact, there are 
no particular limitations on the substrate. 

[0069] The droplet 1 14b is made of a liquid material that is capable of being 
hardened by adding energy, such as heat or light. A precursor of an ultra violet curing resin 
or a thermosetting resin can be given as an example of such a liquid material. Ultraviolet- 
curing acrylic resin and epoxy resin can be given as examples of a ultraviolet curing resin. In 
the same way, thermosetting polyimide resin can be given as an example of a thermosetting 
resin. 

[0070] A dispenser method or an ink jet method can be given as an example of the 
droplet ejecting method. The dispenser method is a standard method for discharging droplets, 
and is effective in cases where the liquid material is discharged onto a comparatively wide 
region. The ink jet method is a method where droplets are discharged using an ink jet head, 
with it being possible to control the discharge position of the droplets in units to the order of 
|im. Also, the amount of discharged droplets can be controlled in units in the order of 
picoliters, so that it is possible to manufacture an optical waveguide 114 (see FIG. 3) with a 
minute construction. 

[0071] (2) Next, the precursor 1 14a of the optical waveguide is hardened to form 
the optical waveguide 114 (see FIG. 2). More specifically, energy such as heat or light is 
applied to the precursor 1 14a of the optical waveguide. When the precursor 1 14a of the 
optical waveguide is hardened, an appropriate method is used for the type of droplet 1 14b. 
More specifically, the addition of energy, or irradiation with ultraviolet light or laser light, 
etc., can be given as examples of such methods. By performing the above processes, the 
optical waveguide 114 shown in FIGS. 3 and 4 is obtained. This optical waveguide 1 14 is 
formed from a material that can transmit light of a predetermined wavelength. 



11 

[0072] In this process, the droplet 1 14b can be successively hardened after 
impacting on the substrate 10. That is, the precursor 1 14a of the optical waveguide can be 
formed in its entirety and then hardened in a single operation, or hardening can be performed 
successively for parts where the droplets have impacted on the substrate 10. 

[0073] Also, in process (1) described above, before the droplet 1 14b are discharged, 
it is possible to form a film pattern with different wettability to the substrate 10 in a 
predetermined region of the substrate 10 as necessary. That is, it is possible to perform a 
lyophilic process or lyophobic process on a predetermined region of the substrate 10. In this 
way, controlling the wettability of the surface of the substrate 10 with respect to the droplet 
1 14b, can also control the setting position of the optical waveguide 1 14. 

[0074] As one example, as shown in FIG. 5, a film pattern 180, that has a lyophobic 
quality for the droplet 1 14b, is formed in a region aside from a region of the optical 
waveguide 1 14 to be formed. After this, as shown in FIG. 1, when the droplet 1 14b is 
discharged onto the film pattern 180, the droplet 1 14b is lyophobic against the film pattern 
180, so that the droplet 1 14b is positioned on a region 180b that is more lyophilic for the 
droplet 1 14b than the film pattern 180. That is, since the film pattern 180 is less wettable 
than the substrate 10 for the droplet 1 14b, the droplet 1 14b is positioned in the region 180b 
that is more wettable. After this, by performing the aforementioned hardening process, it is 
possible to obtain an optical waveguide 1 14 that has been formed at the desired position. As 
shown above, by forming the film pattern 180 on the substrate 10, it is possible to control the 
position for forming the optical waveguide 114. 

[0075] Alternatively, although not illustrated, when the surface of the substrate 10 
has low wettability for the droplet 1 14b, a film pattern that is lyophilic for the droplet 1 14b is 
formed in the region of the optical waveguide 1 14 to be formed. After this, as shown in FIG. 
1, when the droplet 1 14b is discharged onto the substrate 10, the film pattern is more wettable 
for the droplet 1 14b, so that the droplet 1 14b is positioned on the region in which the film 
pattern is formed. After this, by performing the aforementioned hardening process, it is 
possible to obtain an optical waveguide 114 that has been formed at the desired position. In 
this case also, by forming the film pattern on the substrate 10, it is possible to control the 
position for forming the optical waveguide 114. 

[0076] The optical waveguide 114 that is obtained by the method of manufacturing 
described above is provided on the substrate 10 as shown in FIGS. 3 and 4. 
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[0077] According to the method of manufacturing an optical waveguide according 
to the present exemplary embodiment, the droplet 1 14b is discharged onto the substrate 10 to 
form a precursor 1 14a of the optical waveguide and then this precursor 1 14a is hardened to 
form the optical waveguide 114. Here, by adjusting the discharged amount of the droplet 
1 14b, it is possible to form the optical waveguide 1 14 of a predetermined form and size. 
Also, by discharging the droplet 1 14b at a desired position, it is possible to form the optical 
waveguide 1 14 at a predetermined position. 
Second Exemplary Embodiment 
1. Construction of the Optical Waveguide 

[0078] FIG. 6 is a cross-sectional view that shows a schematic of an optical 
waveguide 100 according to a second exemplary embodiment of the present invention. 
FIG. 7 is a plan view showing a schematic of the optical waveguide 100 according to the 
second exemplary embodiment of the present invention. FIG. 8 is a side view showing a 
schematic of the optical waveguide 100 according to the second exemplary embodiment of 
the present invention. FIG. 6 shows a cross section taken along the plane A- A in FIG. 7. 

[0079] Also, FIGS. 9 to 13 show modifications of an optical waveguide according 
to the present exemplary embodiment. More specifically, FIG. 9 is a plan view showing a 
schematic of a modification of the optical waveguide of the present exemplary embodiment. 
FIG. 10 is a perspective view showing a schematic of the optical waveguide 101 shown in 
FIG. 9. FIG. 1 1 is a plan view showing a schematic of another modification of the optical 
waveguide of the present exemplary embodiment. FIG. 12 is a perspective view showing a 
schematic of the optical waveguide 102 shown in FIG. 11. FIG. 13 is a cross-sectional view 
showing a schematic of another modification of an optical waveguide according to the present 
exemplary embodiment. In each of these modifications, parts that have the same 
construction as in the optical waveguide 100 of the present exemplary embodiment are given 
the same reference numerals and detailed description of such is omitted. 

[0080] The optical waveguide 100 of the present exemplary embodiment includes a 
convex part (base member) 12 that is provided on the substrate 10 and an optical waveguide 
part 14 that is provided on an upper surface 12a of the convex part 12. In the present 
exemplary embodiment, a case where the optical waveguide part 14 is made of the same 
material as the optical waveguide 1 14 of the first exemplary embodiment is described. For 
this reason, description of the material of the optical waveguide part 14 is omitted. The 
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following mainly describes the various construction elements of the optical waveguide 100 of 
the present exemplary embodiment with reference to FIGS. 6 to 8. 
Convex Part 

(A) Material 

[0081] There are no particular limitations on the material of the convex part 12, but 
the convex part 12 preferably has a lower refractive index than the optical waveguide part 14. 
With such a construction, light can be efficiently propagated inside the optical waveguide 
part 14. 

[0082] The convex part 12 is made of resin. In this case, the convex part 12 is made 
of polyimide resin, acrylic resin, epoxy resin, or fluororesin, for example. In the optical 
waveguide 100 of the present exemplary embodiment, the case where the convex part 12 is 
made of polyimide resin is described. 

[0083] The convex part may be a base member that is provided on the substrate 10, 
or may be a convex part formed by forming a groove in the substrate 10. The optical 
waveguide 100 of the present exemplary embodiment shows the case where the convex part 
12 is made of a base member provided on the substrate 10. 

[0084] Alternatively, as in the modification (the optical waveguide 103) shown in 
FIG. 13, a convex part 52 may be integrally formed with the substrate 10. That is, in this 
case, the convex part 52 is formed of the same material as the substrate 10. As one example, 
this kind of convex part 52 is formed by patterning the substrate 10 and forming a groove. 
The convex parts that compose the optical waveguides of the exemplary embodiments 
described later may also be integrated with the substrate 10. 

(B) Three-Dimensional Form 

[0085] Although there are no particular limitations on the three-dimensional form of 
the convex part, the convex part needs to be constructed so that an optical waveguide can be 
set on the upper surface of the convex part. For example, as shown in FIG. 1 , the optical 
waveguide part 14 can be set on the upper surface 12a of the convex part 12 of the optical 
waveguide 100. The three-dimensional form of the convex part is described in detail later in 
the second exemplary embodiment. 

(C) Form of the Upper Surface 

[0086] The form of the upper surface of the convex part is determined according to 
the function and use of the optical waveguide formed on the upper surface of the convex part. 
That is, the optical waveguide of the present exemplary embodiment is formed by discharging 
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droplets onto the upper surface of the convex part to form an optical waveguide part precursor 
and then hardening this precursor to form the optical waveguide part, so that by controlling 
the form of the upper surface of the convex part, it is possible to control the form of the 
optical waveguide. 

[0087] As one example, in the optical waveguide 100 (see FIGS. 6 to 8), the upper 
surface 12a of the convex part 12 is in the form of a rectangle. As a result, the optical 
waveguide part 14 is formed in a straight line. Also, in the optical waveguide 101 shown in 
FIGS. 9 and 10, an upper surface 82a (see FIG. 10) of a convex part 82 has a curved part 82b. 
As a result, an optical waveguide part 82 has a curved part. Alternatively, in the optical 
waveguide 102 shown in FIGS. 1 1 and 12, an upper surface 92a of a convex part 92 (see FIG. 
12) has a branch 92b. As a result, the optical waveguide part 94b has a branch. As shown in 
FIGS. 10 and 11, according to the optical waveguide of the present exemplary embodiment, 
even when the optical waveguide has a curved part or a branch, the cross-section of the 
optical waveguide part can be formed in an approximately circular shape. By doing so, the 
propagation efficiency for light can be increased even in optical waveguides that have curved 
parts and/or branches. There are no particular limitations on the number and form of the 
curved parts and branches, and the number and form of the curved parts and branches can be 
appropriately set by appropriately setting the form of the upper surface of the convex part. 

[0088] Also, with the optical waveguides in the exemplary embodiments described 
later, by forming curved parts and/or branches in the upper surface of the convex part in the 
same way as in the modification described above, it is possible to form optical waveguide 
parts with curved parts and/or branches. 
Optical Waveguide Part 
(A) Three-Dimensional Form 

[0089] The optical waveguide part has a three-dimensional form in keeping with the 
use and function of the optical waveguide part. As shown in FIG. 6, the optical waveguide 
part 14 of the present exemplary embodiment has a cross-sectional form in the shape of a 
truncated circle. In this case, by adjusting the amount of droplets used to form the optical 
waveguide part 14, it is possible to set the cross-sectional form of the optical waveguide part 
14 in the shape of a truncated oval. The three-dimensional form of the optical waveguide part 
is described in the "Convex Part" section, so detailed description of it is omitted. 
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(B) Material 

[0090] The optical waveguide part 14 is made of a material that propagates light of 
a predetermined wavelength. The optical waveguide part 14, like the optical waveguide 1 14 
of the first exemplary embodiment, is formed by hardening a liquid material that is capable of 
being hardened by adding energy, such as heat or light. More specifically, the optical 
waveguide part 14 of the present exemplary embodiment is formed by discharging 
droplet 14b, made of the aforementioned liquid material, onto the upper surface 12a of the 
convex part 12 to form a precursor 14a of the optical waveguide part and then hardening this 
precursor 14a. This is described in detail later in this specification. 
2. Method of Manufacturing the Optical Waveguide 

[0091] Next, the method of manufacturing the optical waveguide 100 shown in 
FIGS. 6 to 8 is described with reference to FIGS. 14(A) to 14(E) and FIGS. 15(A) and 15(B). 
FIGS. 14(A) to 14(E) and FIGS. 15(A) and 15(B) are cross-sectional drawings that 
respectively show schematics of the manufacturing processes of the optical waveguide 100 
shown in FIGS. 6 to 8. 
(1) Forming the Convex Part 12 

[0092] First the convex part 12 is formed on the substrate 10 (see FIGS. 14(A) to 
14(E)). The form of the optical waveguide part 14 that is formed by a later process is 
determined by determining the form of the convex part 12. That is, the form of the convex 
part 12 is determined by the desired form of the optical waveguide part 14. When forming 
the convex part 12, a method (such as a selective growth method, a dry etching method, a wet 
etching method, a lift-off method, and a transfer method) is selected in accordance with the 
material, form, and size of the convex part 12. Also, as mentioned earlier, the present 
exemplary embodiment describes the case when the convex part 12 is made of polyimide 
resin. 

[0093] First, after applying a polyimide precursor onto the substrate 10, which is 
made of a glass substrate, a heat treatment is performed at around 150°C (see FIG. 14(A)). 
By doing so, a resin layer 12x is formed. Here, the resin layer 12x is in a state where it can 
hold its shape, but it is not completely hardened. 

[0094] Next, after forming a resist layer Rl on the resin layer 12x, a 
photolithography process is performed (see FIG. 14(B)) using a mask 130 with a 
predetermined pattern. By doing so, a resist layer Rl with a predetermined pattern is formed 
(see FIG. 14(C)). 
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[0095] Next, the resin layer 12x is patterned through wet etching with an alkaline 
solution, for example, using the resist layer Rl as a mask. By doing so, the convex part (base 
member) 12 is formed (see FIG. 14(D)). Subsequently, the resist layer Rl is removed, then a 
heat treatment is performed at around 350°C, thereby completely hardening the convex part 
12 (see FIG. 14(E)). 

(2) Forming the Optical Waveguide Part 14 

[0096] Next, the optical waveguide part 14 is formed (see FIGS. 15(A) and 15(B)). 
First, as shown in FIG. 15(A), the droplet 14b for forming the optical waveguide part 14 is 
discharged onto the upper surface 12a of the convex part 12 to form the precursor 14a of the 
optical waveguide part. As mentioned above, the liquid material that composes the droplet 
14b has a property whereby the material can be hardened by adding energy. 

[0097] A method similar to that used when discharging the droplet 1 14b in the first 
exemplary embodiment described above can be used to discharge the droplet 14b. Before the 
droplet 14b are discharged, it is possible to control the wettability of the upper surface 12a for 
the droplet 14b by performing a lyophilic process or lyophobic process on the upper surface 
12a of the convex part 12 as necessary. By doing so, an optical waveguide part 14 with a 
predetermined form and size can be formed. 

[0098] Next, as shown in FIG. 15(A), the precursor 14a of the optical waveguide 
part is hardened, thereby forming the optical waveguide part 14. More specifically, energy 
15, such as heat or light is applied to the precursor 14a of the optical waveguide part. When 
the precursor 14a of the optical waveguide part is hardened, a method that is suitable for the 
type of the aforementioned liquid material is used. More specifically, as examples, the energy 
15 can be applied by adding heat energy, or irradiating with light, such as ultraviolet light or 
laser light. Here, the amount of energy 15 is adjusted as appropriate for the form, size, and 
material of the precursor 14a of the optical waveguide part. By performing the above 
processes, the optical waveguide 100 including the optical waveguide part 14 is obtained (see 
FIGS. 6 to 8). 

[0099] The optical waveguide part 14 can be detached from the obtained optical 
waveguide 100. The detached optical waveguide part 14 can be mounted on another 
apparatus. FIGS. 16 and 17 respectively show schematics of example methods for detaching 
the optical waveguide part 14 from the convex part 12. 

[0100] As one example, as shown in FIG. 16, it is possible to detach the optical 
waveguide part 14 by blowing gas (for example, an inert gas such as argon gas or nitrogen 
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gas) onto the joining part between the convex part 12 and the optical waveguide part 14 of the 
optical waveguide 100. 

[0101] Alternatively, as shown in FIG. 17, it is possible to detach the optical 
waveguide part 14 from the upper surface 12a of the convex part 12 by sticking adhesive tape 
150 onto the optical waveguide part 14 and then peeling off the tape. In this case, the optical 
waveguide part 14 can be made easy to detach by performing a lyophobic process on the 
upper surface 12a of the convex part 12 in advance. 
(3) Work and Effects 

[0102] According to the optical waveguide 100 of the present exemplary 
embodiment and its method of manufacturing, the same work and effects can be obtained as 
the optical waveguide 1 14 of the first exemplary embodiment and its method of 
manufacturing. In addition, the optical waveguide 100 of the present exemplary embodiment 
and its method of manufacturing have the work and effects described below. 

[0103] (1) First, the size and form of the optical waveguide part 14 can be 
precisely controlled. That is, the form of the optical waveguide part 14 can be controlled 
according to the discharged amount of the droplet 14b. By doing so, an optical waveguide 
100 including an optical waveguide part 14 of the desired form and size can be obtained. 

[0104] The work and effects described above are described now with reference to 
the drawings. FIG. 33 is a cross-sectional view showing a schematic of the vicinity of the 
joining part of the convex part 12 and the precursor 14a of the optical waveguide in the 
method of manufacturing the optical waveguide 100 according to the present exemplary 
embodiment described above, and more specifically is an enlargement of the cross-section in 
FIG. 15(A). 

[0105] FIG. 33 shows the state in which the liquid material for forming the optical 
waveguide part 14 is discharged onto the substrate 10. That is, FIG. 33 shows the state before 
the precursor 14a of the optical waveguide part is hardened, or putting this another way, the 
state in which the precursor 14a of the optical waveguide part made of the aforementioned 
liquid material is provided on the substrate 10. 

[0106] In FIG. 33, Yl is the surface tension of the liquid material (the precursor 14a 
of the optical waveguide part), while ysl is the interfacial tension between the substrate 10 
and the aforementioned liquid material. According to the method of manufacturing of the 
optical waveguide of the present exemplary embodiment, as shown in FIG. 33, the precursor 
14a of the optical waveguide part is formed on the upper surface 12a of the convex part 12. 
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By doing so, so long as a side surface 12b of the convex part 12 is not wetted by the precursor 
14a of the optical waveguide part, the surface tension of the convex part 12 does not act on 
the precursor 14a of the optical waveguide part and the surface tension y L of the precursor 14a 
of the optical waveguide part mainly acts. This means that the amount of droplets that are 
discharged in order to form the precursor 14a of the optical waveguide part, is adjusted, 
enabling the form of the precursor 14a of the optical waveguide part to be controlled. By 
doing so, it is possible to obtain an optical waveguide part 14 of the desired form and size. 
Also, as shown in FIG. 6, an optical waveguide part 14 that is approximately circular in cross- 
section can be obtained according to the method of manufacturing the optical waveguide 100 
according to the present exemplary embodiment. Thus, an optical waveguide that has 
superior propagation efficiency for light can be obtained 

[0107] (2) Secondly, it is possible to precisely control the setting position of the 
optical waveguide part 14. As described above, the optical waveguide part 14 is formed by 
discharging the droplet 14b onto the upper surface 12a of the convex part 12 to form the 
precursor 14a of the optical waveguide part and then hardening the precursor 14a of the 
optical waveguide part (see FIG. 15(b)). It is usually difficult to precisely control the impact 
positions of the discharged droplets. However, with the present method, the optical 
waveguide part 14 can be formed on the upper surface 12a of the convex part 12 without 
performing any particular alignment. Namely, the droplet 14b is discharged onto the upper 
surface 12a of the convex part 12, enabling the precursor 14a of the optical waveguide part to 
be formed without performing an alignment. Putting this another way, the precursor 14a of 
the optical waveguide can be formed with the alignment precision achieved when forming the 
convex part 12. By doing so, an optical waveguide part 14 whose setting position has been 
controlled can be obtained easily. 

[0108] (3) Thirdly, the form of the upper surface 12a of the convex part 12is set , 
enabling the form of the optical waveguide part 14 to be set. Namely, the form of the upper 
surface 12a of the convex part 12 is appropriately selected, enabling an optical waveguide 
part 14 to be formed with a predetermined function. As one example, as shown in the 
modifications (FIGS. 9 to 12), by appropriately selecting the form of the upper surface of the 
convex part, it is possible to form a waveguide with a branch and/or a curved part using a 
simple method. Accordingly, by forming a plurality of convex parts with upper surfaces of 
different shapes, it is possible to set a plurality of optical waveguide parts with different 
forms on the same substrate. 
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[0109] (4) Fourthly, as described above, the optical waveguide part 14 is formed 
by discharging the droplet 14b to form the precursor 14a and then hardening the precursor 
14a. This means that as shown in FIG. 3, an end surface 14c of the optical waveguide part 14 
is a curved surface. That is, since the end surface 14c of the optical waveguide part 14 is a 
curved surface, these surface functions as a lens for condensing light that is emitted from the 
optical waveguide part 14. By doing so, when the light emitted from the optical waveguide 
part 14 is coupled with an optical element or the like for example, the efficiency for coupling 
the light can be increased. As a result, a complex optical system that uses an optical member 
or the like to condense the light is not required. 
Third Exemplary Embodiment 
1 . Construction of the Optical Waveguide 

[0110] FIGS. 18, 20, 22, and 24 are cross-sectional views that respectively show 
examples of optical waveguides according to a third exemplary embodiment. FIGS. 19, 21, 
23, and 25 are plan views that show schematics of the optical waveguides shown in FIGS. 18, 
20, 22, and 24, respectively. FIGS. 18, 20, 22, and 24 are cross-sectional views taken along 
the plane A-A in FIGS. 19, 21, 23, and 25, respectively. 

[0111] In the optical waveguides shown in FIGS. 18 to 25, the same reference 
numerals have been appended to parts with the same constructions as in the optical 
waveguide 100 of the second exemplary embodiment and detailed description of such parts is 
omitted. 

[0112] In the optical waveguide of the present exemplary embodiment, as shown in 
FIGS. 18 to 25, the form of the convex part differs to that of the convex part 12 that 
composes the optical waveguide 100 (see FIGS. 6 to 8) of the second exemplary embodiment. 
Also, the present exemplary embodiment shows a case where a base member is mounted on 
the substrate 10 and this base member is the convex part. 

[0113] Also, as mentioned above, although there are no particular limitations on the 
three-dimensional form of the convex part, at the very least it is necessary for the convex part 
to be constructed so that an optical waveguide part can be set on its upper surface. The 
following describes the respective optical waveguides (the optical waveguides 104 to 107) 
shown in FIGS. 18 to 25. 

[0114] (A) In the optical waveguide 104 shown in FIGS. 18 and 19, the angle 6 
made between an upper surface 22a and a side surface 22b of a convex part 22 is acute. Here, 
the side surface 22b of the convex part 22 refers to a surface that contacts the upper surface 



20 

22a on a side part of the convex part 22. For the convex part 22, the side part of the convex 
part 22 is the side surface 22b. 

[0115] The optical waveguide part 14 is formed using the same processes as the 
optical waveguide part 14 of the second exemplary embodiment. That is, droplets are 
discharged onto the upper surface 22a of the convex part 22 to form a precursor (not shown in 
the drawings) of the optical waveguide part 14 and this precursor is then hardened to form the 
optical waveguide part 14. Here, since the angle made between the upper surface 22a and the 
side surface 22b of the convex part 22 is acute, when the droplets are discharged onto the 
upper surface 22a of the convex part 22, the side surface 22b of the convex part 22 can be 
prevented from becoming wet due to the droplets. As a result, an optical waveguide part 14 
of the desired form and size can be reliably formed. 

[01 1 6] (B) In the optical waveguide 1 05 shown in FIGS . 20 and 2 1 , an upper part 
32c of a convex part 32 is inversely tapered. Putting this another way, the convex part 32 is 
shaped like "eaves". In this case also, an angle 9 made between an upper surface 32a and a 
side surface 32b (a surface that contacts the upper surface 32a in the side part of the convex 
part 32) of the convex part 32 is acute. With this construction, the stability of the convex part 
32 can be maintained and the angle 0 made between the upper surface 32a and the side 
surface 32b of the convex part 32 can be reduced. By doing so, it is possible to reliably 
prevent the side surface 32b of the convex part 32 from becoming wet. As a result, an optical 
waveguide part 14 of the desired form and size can be formed more reliably. 

[0117] In the same way as the convex part 12 of the optical waveguide 100 of the 
second exemplary embodiment, the convex part 32 is made of polyimide resin. 

[0118] (C) In the optical waveguide 106 shown in FIGS. 22 and 23, the cross- 
sectional form of the convex part 32 is trapezoidal. 

[0119] (D) In the optical waveguide 107 shown in FIGS. 24 and 25, an upper 
surface 62 of a convex part 62 is a curved surface. Each of the optical waveguides above 
were described for the case where the upper surface of the convex part is flat, but in the 
optical waveguide 107 shown in FIGS. 24 and 25, the upper surface 62a of the convex part 62 
is a curved surface. The optical waveguide part 34 can be made using the same method and 
from the same material as the optical waveguide part 14. 

[0120] With the optical waveguide 107, an almost spherical optical waveguide part 
34 can be mounted on the upper surface 62a of the convex part 62. In the optical waveguide 
of the exemplary embodiments described above (see FIGS. 6 to 13 and FIGS. 18 to 23), the 
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upper surface of the convex part can be made into a curved surface. Also, in the optical 
waveguide 107, by adjusting the form and size of the upper surface 62a of the convex part 62 
and the amount of droplets used to form the optical waveguide part 34, it is possible to form 
an optical waveguide part in the form of an oval sphere. In this case, the cross-sectional form 
of the optical waveguide is oval. 
Method of Manufacturing the Optical Waveguide 

[0121] Next, the method of manufacturing the optical waveguide 105 (see FIGS. 20 
and 21), out of the optical waveguides 104 to 107 (see FIGS. 18 to 25) of the present 
exemplary embodiment is described with reference to FIGs 26(A) to 26(E). FIGS. 26(A) to 
26(E) are cross-sectional views respectively showing schematics of manufacturing processes 
of the optical waveguide 105 shown in FIGS. 20 and 21. 
(1) Forming the Convex Part 32 

[0122] Except for the patterning process for the convex part 32, the method of 
manufacturing the optical waveguide 105 of the present exemplary embodiment is the same 
as the method of manufacturing the optical waveguide 100 of the second exemplary 
embodiment. For this reason, the patterning process for the convex part 32 is mainly 
described here. 

[0123] After forming a resin layer 32x on the substrate 10, a resist layer Rl with a 
predetermined pattern is formed (see FIGS. 26(A) to 26(C)). The process thus far is the same 
as in the method of manufacturing the optical waveguide 100 of the second exemplary 
embodiment (see FIGS. 14(A) to 14(C)). 

[0124] Next, a heat treatment is performed at a temperature (such as 130°C) which 
does not affect the resist. In this heat treatment, it is preferable for heat to be applied from the 
upper surface side of the resin layer 32x, so that a part of the resin layer 32x on upper surface 
side (the resist layer Rl side) becomes more hardened than a part of the resin layer 32x on the 
substrate 10 side. 

[0125] Next, wet etching is performed on the resin layer 32x with the resist layer Rl 
as a mask. In this process, the penetration speed of the etchant is slower for the part directly 
below the resist layer Rl, which is to say, the upper part of the resin layer 32x, than for the 
other parts, so that it is difficult for the upper part to be etched. Also, the extent of the 
hardening due to the heat treatment is larger for the upper surface side part of the resin layer 
32x than for the substrate 10 side part. This means that the etching rate of the wet etching is 
lower for the part of the resin layer 32x on the upper surface side than for the part on the 
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substrate 10 side. This means that during the wet etching, the etching speed is slower for the 
upper surface side part of the resin layer 32x than for the part on the substrate 10 side, so that 
more of the upper surface side part of the resin layer 32x remains compared to the part on the 
substrate 10 side. As a result, a convex part 32 (see FIG. 26(d)) formed with an inversely 
tapered upper part 32c can be obtained. After this, the resist layer R2 is removed (see FIG. 
26(e)). 

(B) Forming the Optical Waveguide Part 14 

[0126] Next the optical waveguide part 14 is formed. The method of forming the 
optical waveguide part 14 is the same as the method of forming the optical waveguide part 14 
of the second exemplary embodiment, so description of it is omitted. 

[0127] In this way, the optical waveguide 105 is obtained (see FIGS. 20 and 21). 
3. Work and Effects 

[0128] The optical waveguide 105 of the present exemplary embodiment and its 
method of manufacturing have the same work and effects as the optical waveguides of the 
first and second exemplary embodiments and their methods of manufacturing. In addition, 
the optical waveguide 105 and its method of manufacturing have the work and effects that are 
described in the "Construction of the Optical Waveguide" and "Method of Manufacturing the 
Optical Waveguide" sections. 
Fourth Exemplary Embodiment 
1 . Construction of the Optical Waveguide 

[0129] FIG. 27 is a cross-sectional view showing a schematic of an optical 
waveguide 108 according to a fourth exemplary embodiment. FIG. 28 is a plan view showing 
a schematic of the optical waveguide 108 shown in FIG. 27. FIG. 27 shows a cross-section 
taken along the plane A-A in FIG. 28. 

[0130] As shown in FIGS. 27 and 28, the optical waveguide 108 of the present 
exemplary embodiment includes the convex part (base member) 12 that is provided on the 
substrate 10, the optical waveguide part 14 that is provided on the upper surface 12a of the 
convex part 12, and a covering layer 160 that covers the optical waveguide part 14. More 
specifically, as shown in FIGS. 27 and 28, the optical waveguide 108 of the present 
exemplary embodiment is produced by forming the optical waveguide 100 of the second 
exemplary embodiment so as to be buried under the covering layer 160. 

[0131] The covering layer 160 has a lower refractive index than the optical 
waveguide part 14. Also, the convex part 12 has a lower refractive index than the optical 
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waveguide part 14. That is, the optical waveguide part 14 is covered by layers (the covering 
layer 160 and the convex part 12) with lower refractive indexes than the optical waveguide 
part 14. Putting this another way, in the optical waveguide 108, the optical waveguide 104 
functions as the core, and the convex part 12 and the covering layer 160 function as cladding. 
There are no particular limitations on the material of the covering layer 160, and as one 
example, resin can be used. 

[0132] Also in this case, the convex part 12 and the covering layer 160 can be 
formed from materials with approximately the same refractive index. In this way, in the same 
way as with the construction of an optical fiber, the entire circumference of the optical 
waveguide part 14 can be covered with materials with approximately the same refractive 
index. 

2. Method of Manufacturing the Optical Waveguide 

[0133] The optical waveguide of the present exemplary embodiment can be formed 
by burying the optical waveguide part 14 of the optical waveguide 100 (see FIGS. 6 to 8) of 
the second exemplary embodiment under the covering layer 160. The form of the covering 
layer 160 can be selected as appropriate according to the material and thickness of the 
covering layer 160. As one example, when the covering layer 160 is made of resin, a 
dispenser method, an ink jet method, a spin coating method, a vapor deposition method, and 
an LB (Langmuir-Blodgett) method are examples of methods that can be used. 

3. Work and Effects 

[0134] The optical waveguide 108 of the present exemplary embodiment and its 
method of manufacturing have the same work and effects as the optical waveguide of the 
second exemplary embodiment and its method of manufacturing. In addition the optical 
waveguide 108 of the present exemplary embodiment and its method of manufacturing have 
the work and effects described below. 

[0135] According to the optical waveguide 108 of the present exemplary 
embodiment, the optical waveguide part 14 is covered by layers (the covering layer 160 and 
the convex part 12) that have a lower refractive index than the optical waveguide part 14, so 
that the leakage of light from the optical waveguide part 14 can be reduced. By doing so, the 
propagation efficiency for the light propagated inside the optical waveguide part 14 can be 
improved further. 
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[0136] Also, by burying the optical waveguide part 14 under the covering layer 160, 
the optical waveguide part 14 can be securely fixed onto the upper surface 12a of the convex 
part 12. 

[0137] Although the optical waveguide 108 of the present exemplary embodiment 
shows the case where the covering layer 160 is formed on the optical waveguide 100 of the 
second exemplary embodiment, covering layers can be formed on the optical waveguides of 
the first and third exemplary embodiments in the same way, as necessary. 
Fifth Exemplary Embodiment 
1 . Construction of the Optical Waveguide 

[0138] FIG. 29 is a cross-sectional view showing a schematic of an optical 
waveguide 109 of a fifth exemplary embodiment. FIG. 30 is a plan view showing a 
schematic of the optical waveguide 109 shown in FIG. 29. FIG. 29 shows a cross-section 
taken along the plane A-A of the FIG. 30. 

[0139] As shown in FIGS. 29 and 30, the optical waveguide 109 of the present 
exemplary embodiment includes the convex part (first convex part) 12 provided on the 
substrate 10, the optical waveguide part 14, second convex parts 72, and a covering layer 74. 

[0140] More specifically, as shown in FIGS. 29 and 30, the optical waveguide 109 
includes the optical waveguide 100 of the second exemplary embodiment. The two second 
convex parts 72 are set to sandwich the optical waveguide 100. Also, the optical waveguide 
100 is buried under the covering layer 74. Part of the covering layer 74 is formed on upper 
surfaces 72a of the two second convex parts 72. 

[0141] The second convex parts 72 are disposed in parallel with the convex part 12. 
More specifically, as shown in FIG. 30, the two second convex parts 72 are formed so as 
extend in parallel with the convex part 12 and the X direction with the convex part 12 being 
sandwiched between them. 

[0142] The covering layer 74 has a lower refractive index than the optical 
waveguide part 14. The convex part 12 also has a lower refractive index than the optical 
waveguide part 14. That is, the optical waveguide part 14 is covered with layers (the 
covering layer 74 and the convex part 12) that have lower refractive indexes than the optical 
waveguide part 14. Putting this another way, in this optical waveguide 109, the optical 
waveguide part 14 functions as the core and the convex part 12 and the covering layer 74 
function as cladding. 
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[0143] There are no particular limitations on the material of the covering layer 74, 
and as one example, resin can be used. The optical waveguide 109 of the present exemplary 
embodiment describes the case where, in the same way as the optical waveguide part 14, the 
covering layer 74 is formed by hardening a liquid material that can be hardened by applying 
energy. 

2. Method of Manufacturing the Optical Waveguide 

[0144] Next, the method of manufacturing the optical waveguide of the present 
exemplary embodiment is described using FIGS. 31(a) and 31(b). FIGS. 31(a) and 31(b) are 
cross-sectional views showing schematics of manufacturing processes of the optical 
waveguide 109 shown in FIGS. 29 and 30. 

(1) Forming the First Convex Part 12, the Optical Waveguide Part 14, 
and the Second Convex Parts 72 

[0145] In the present exemplary embodiment, first the optical waveguide 100 of the 
second exemplary embodiment is formed. The method of manufacturing the optical 
waveguide 100 is the same as that described in the section of the second exemplary 
embodiment (see FIGS. 14(A) to 14(E) and FIGS. 15(A) to 15(C)), so description of such is 
omitted here. 

[0146] Next, the two second convex parts 72 are formed on the substrate 10. The 
first convex part 12 is formed between the two second convex parts 72 and the two second 
convex parts 72 are formed so as to extend in parallel with the first convex part 12. 

[0147] Alternatively, instead of forming the second convex parts 72 after forming 
the optical waveguide 100, the second convex parts 72 may be formed in the same process 
that forms the convex part (the first convex part) 12 of the optical waveguide 100. 

[0148] In this way, the optical waveguide 100 and the second convex parts 72 are 
formed (see FIG. 31(a)). As shown in FIG. 31(a), the optical waveguide 100 includes the first 
convex part 12 and the optical waveguide part 14. 

(2) Forming the Covering Layer 74 

[0149] Next, the covering layer 74 is formed. In the present exemplary 
embodiment, in the same way as the optical waveguide part 14, the covering layer 74 is 
formed using a liquid material that can be hardened by applying energy. 

[0150] First, a droplet (a second droplet) 74b is discharged onto the optical 
waveguide part 14 and the upper surfaces 72a of the two second convex parts 72. Here, the 
region that is sandwiched between the two second convex parts 72 is referred to as "inside the 
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second convex parts 72" while the sides that are opposite the sides of the second convex parts 
72 on which the first convex part 12 is formed are referred to as "outside the second convex 
parts 72". In this process, the discharged amount of the droplet 74b is adjusted so that after 
impact the droplet 74b is not positioned outside the second convex parts 72. Also, a method 
similar to that used when forming the optical waveguide part 14 in the second exemplary 
embodiment can be used as the discharge method for the droplet 74b. For these reasons, 
detailed description of it is omitted. As a result of the above processes, a precursor for a 
covering layer 74a is formed (see FIG. 31(B)). 

[0151] The precursor for a covering layer 74a is formed on the upper surfaces 72a 
of the second convex parts 72 and covers the optical waveguide part 14. More specifically, as 
shown in FIG. 3 1(B), the first convex part 12 and the optical waveguide part 14 are buried 
under the precursor for a covering layer 74a, and part of the precursor for a covering layer 74a 
is formed on the upper surfaces 72a of the two second convex parts 72. 

[0152] Next, energy is applied to the precursor for a covering layer 74a to harden it. 
A method similar to that used when forming the optical waveguide part 14 of the second 
exemplary embodiment can be used as the method of hardening the precursor for a covering 
layer 74a. For this reason, detailed description of it is omitted. As a result of the above 
processes, the optical waveguide 109 that includes the optical waveguide part 14 and the 
covering layer 74 is obtained. 

[0153] In the present exemplary embodiment, an optical waveguide 109 that 
includes the optical waveguide 100 of the second exemplary embodiment is described, 
although the optical waveguide of the present exemplary embodiment can be formed in the 
same way using the optical waveguides of the first and third exemplary embodiments in place 
of the optical waveguide 100. 
3. Work and Effects 

[0154] The optical waveguide 109 of the present exemplary embodiment and its 
method of manufacturing have the same work and effects as the optical waveguide of the 
fourth exemplary embodiment and its method of manufacturing. In addition, the optical 
waveguide 109 of the present exemplary embodiment and its method of manufacturing have 
the work and effects described below. 

[0155] (1) Firstly, the droplet (a second droplet) 74b is discharged onto the optical 
waveguide part 14 and the upper surfaces 72a of the second convex parts 72 to form the 
precursor for a covering layer 74a. In this process, the precursor for a covering layer 74a is 
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formed on the upper surfaces 72a of the second convex part 72, so that an optical waveguide 
109 that is more circular in cross-section can be obtained. By doing so, the leakage of light 
from the optical waveguide part 14 can be reduced. As a result, an optical waveguide with 
even more superior propagation efficiency for light can be obtained. 

[0156] (2) Secondly, in the process that discharges the droplet 74b in order to 
form the precursor for a covering layer 74a, the two second convex parts 72 are set to 
sandwich the convex part 12, so that the covering layer 74 is formed on the upper surfaces 
72a of the second convex parts 72 and on the inside of the second convex parts 72. That is, 
by setting the second convex parts 72 at predetermined positions, the setting positions, the 
form, and the size of the covering layer 74 can be controlled. By discharging the droplet 74b 
after setting the second convex parts 72 at the predetermined positions, the covering layer 74 
can be formed at only the required parts, which saves on materials. 

[0157] When the optical waveguide 100 of the second exemplary embodiment is 
formed on a substrate on which elements and electric wiring are provided, for example, it is 
preferable to cover the optical waveguide part 14 with a covering layer to prevent the 
propagation efficiency of light inside the optical waveguide part 14 from deteriorating due to 
light leaking from the optical waveguide part 14 to the outside. However, in this case, 
elements and electric wiring are mounted on the substrate, so that it can be difficult to form 
the covering layer on the entire substrate. On the other hand, according to the optical 
waveguide 109 of the present exemplary embodiment, the second convex parts 72 are set to 
sandwich the optical waveguide 100 and the covering layer 74 is formed by discharging the 
droplet 74b, so that the covering layer 74 can be formed only in the required parts. By doing 
so, a substrate on which elements, electric wiring, and optical waveguides are all mounted can 
be formed. 

Sixth Exemplary Embodiment 

1 . Circuit Board, Optical Module, Optical Transfer Apparatus 

[0158] FIG. 32 is a perspective view showing a schematic of a circuit board 500 
according to the present exemplary embodiment. 

[0159] As shown in FIG. 32, the circuit board 500 includes the optical waveguide 
100 of the second exemplary embodiment, a light-emitting element 200, and ICs 300 and 400. 
These components are formed on a substrate 110. 

[0160] The optical waveguide 100 is connected to the light-emitting element 200 
and propagates light that is emitted from the light-emitting element 200. The light-emitting 
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element 200 and the IC 300 are electrically connected by electrical wiring 210, as are the IC 
300 and the IC 400. The optical waveguide 100 and the light-emitting element 200 compose 
an optical module. The optical module is used as part of an optical transfer apparatus (not 
shown in the drawings). This optical transfer apparatus connects electronic appliances, such 
as a computer, a display, a storage apparatus, a printer, etc., together. 

[0161] The electrical wiring 210 can be formed by a similar method to the method 
of manufacturing the optical waveguide of the first exemplary embodiment or the second 
exemplary embodiment. More specifically, as one example, the electrical wiring 210 can be 
formed by discharging a resin precursor in the form of droplets that include a conductive 
material onto the substrate 110 using an ink jet method and then hardening the resin 
precursor. Alternatively, the electrical wiring 210 can be formed by discharging a dispersed 
liquid, which is obtained by dispersing a conductive material in a solvent, using the same kind 
of method and then removing the solvent to dry the dispersed liquid. 

[0162] In the circuit board 500 of the present exemplary embodiment, a light 
receiving element (not shown in the drawing) may be mounted in place of the light-emitting 
element 200. In this case, light that is propagated in the optical waveguide 100 is incident on 
the light receiving element. Also, although the circuit board 500 of the present exemplary 
embodiment is described for the case where the optical waveguide 100 of the second 
exemplary embodiment is included, it is possible to use the optical waveguide of any of the 
first or third to fifth exemplary embodiments in place of the optical waveguide 100 of the 
second exemplary embodiment. 

[0163] The present invention is not limited to the exemplary embodiments 
described above, and can be modified in a variety of ways. As one example, the present 
invention includes constructions (for example, constructions that have the same functions, 
methods, and results, or constructions that have the same object and result) thatjire effectively 
the same as the constructions described in the exemplary embodiments. The present 
invention also includes constructions in which the non-essential parts of the constructions 
described in the exemplary embodiments is replaced. The present invention also includes 
constructions that have the same work and effects and constructions that can achieve the same 
object as the constructions described in the exemplary embodiments. The present invention 
also includes constructions in which well-known techniques have been applied to the 
constructions described in the exemplary embodiments. 



